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0 F^ed mechanlam and metliod therefor. 

0 Apparatus and method for sequential provision 
of a series of similarly configured objects to and 
from a proximal location such as a device for testing 
those objects. The objects are provided in a gravity- 
fed ramp (163) to an open cylindrical container (155) 
provided with a centrally pivoting rotatabie drum 
(157). The drum (157) is provided with an Indentation 
(161) configured to receive only one of the objects at 
a time. The drum (157) Is rotatably disposed In the 
open cylinder (15^ about a central phfot (159) to 
rotatalTly move the indentation (161) between a first 
position of the open cylinder at the foot of the walled 
ramp (163) and a second position of the open cyl- 
inder. At the second position, the open cylinder Is 
provided with a drop tube (173). At the second 
position, the received object (187) drops into the 
drop tube (173) and thence Into a supply tube (187) 
that communicates at one of its ends to gravity feed 
the object (167) to the proximal location (113) wtiere 
the object (167) is to t>e utilized. After the received 
object (167) has been dropped at the second posi- 
tion Into the drop tut>e (173), but before another such 
object can be received, the drum (157) is rotated 
from the second position back to the first position 
wherein the indentation (161) Is at the foot of the 
ramp (163). The used object (167) Is ejected, by an 
appropriate force, from the proximal location (113) 
bade into the supply tube (187) and thence to an- 
other container (183) for disposed or used objects. 
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Reld of the Invention 

The piBsent invention relates to apparatus and 
method for repeatedly inserting and removing a 
succession of objects into a utilization device, par- 
ticularly where those objects are substantially iden- 
tically configured. 

Background of the Invention 

In the field of automated measuring and testing 
equipment one problem that must be addressed is 
the provision of test samples to, and removal of 
tested samples from, such equipment A sample is 
inserted in the tester, which then automatically per- 
forms various tests, and the sample is then re- 
moved after testing and replaced with another sam- 
ple. Sample changing can be done by hand. How- 
ever, manual changing is stow, can result in con- 
tamination of the samples and requires the pres- 
ence of an operator which partially defeats the 
purpose of automating the test equipment 

Accordingly, in the field of materials testing, it 
has been a general practice to employ automated 
devices for acquisition of a sample to be tested, 
transport of ftiat sample to a testing apparatus, 
retrieval of the tested sample fmm the testing ap- 
paratus, and finally return of the sample v^ence it 
came or else provision of the tested sample to 
appropriate disposal. Often, such devices, particu- 
larly owing to their automatic nature, are designed 
or adapted to'engage, transport and release sam- 
ples of a predetenmlned size. 

One example of a such a prior art automated 
testing device which tiandles predetennined size 
samples is a nuclear magnetic resonance (NMR) 
spectrometer, which includes a magnet chamber 
and a cylinder. Samples of material to be tested by 
the NMR spectrometer must be conveyed into the 
interior of the magnet chamt>er and, to that end, a 
sample Is dropped Into the cylinder and falls there- 
through into the magnet chamber. After testing, the 
sample is elected from the magnet chamber by 
any of various mechanisms. 

An illustrative example of a magnet chamber 
113 and a sample changer 117 for such an NMR 
spectrometer is shown in FIG. 8. Such a device is 
typical of NMR spectrometers availal>le from 
Bruker Instruments, Inc., Biilerica. Massachusetts. 
Magnet thamber 113 is provided with a cylinder 
115. Materia] samples are tested In magnet cham- 
t>er 113 and such samples are inserted in and 
removed from ctiamt>er 113 via cylinder 115. 

Magnet ct)amt>er 113 can be used for testing 
samples of txrth solid and liquid materials. Uquid 
samples are contained in sample holders made of 
glass which are easily broken. Consequentiy, it Is 
necessary to tiandle the sample containers firmly 



but gentiy. Uquid sample holders are illustratively 
handled by material handling apparatus 117 which 
includes a vertical cylinder 119 and piston 121 
mounted on a rotatable anm 123. The lower end of 

5 piston 121 is provided with a pneumatically-con- 
trolled pinctter 137 for picking up and canrying a 
tiqukJ sample holder. Arm 123 is rotatably sup- 
ported on motorized pole 125 by upper and lower 
fixture rings 127 and 129 each connected to arm 

10 123, and by resting ring 131 on which tower fixture 
ring 129 rests. Pole 125 is also provided wiUi a 
pipe or tube 133 wttich supports magazine belt 
135. Magazine belt 135 is configured to hold a 
plurality of liquid samples, arul is rotated with rota- 

16 tton of pipe 133 so that different samples can be 
presented at different times to pincher 137. Cabinet 
139 provides controls for movement of pipe 133 
and pole 125. Pincher 137 with cylinder 119 and 
piston 121 can be moved horizontally or radially 

20 along arm 123, and may be moved azimuthally by 
swinging of arm 123 by rotation of poto 125 caused 
by cabinet 139. Pincher 137 is connected to the 
lower end of piston 121, and can be controlled to 
open and close about a RqukJ sample at belt 135 

25 and cylinder 115. CyCnder 119. piston 12i; arm 
123 and poto 125 can ttiereby move pincher 137 
between belt 135 and cylinder 115. Once tiie sam- 
ple holders are inserted into cylinder 115. they are 
conveyed pneumatically to the intertor of magnet 

30 chamber 113 and sut>sequently pneumatically 
ejected from chamber 113 after testing is com- 
pleted. 

The material handling apparatus 117 functions 
well to handle the delicate liquid sample holders. 

35 Magnet chamber 113 can also t>e modified to han- 
dle solid sample holders to enabto the spectrom- 
eter to automatically test such samples. Typical 
solkl sample holders aro considerably smaller than 
IkiukI sampto holders and are much more mgged. 

40 In particular, as shown in FlGs. 9 and 10, solid 
samples are typtoally disposed in a holder 151 
which includes cap 147 and hoitow ceramto tube 
149. in one version of hokSer 151, cap 147 is tightiy 
press-litted on tube 149 whose opposite end is 

45 closed. Once inside magnet chamber 113 of the 
spectrometer, in accordance vrith well-known NMR 
spectroscopy technk)ues, holder 151 is rapidly 
rotated t>y compressed air. and for this reason is 
called a *rotor*. 

50 Apparatus 117 is obvtously compltoated and 
expensive and well-suited to handling fragile hoU- 
etns such as ttie HquUl sample holders. Since the 
ceramto solid sample rotors are much more rugged 
than the glass isqutd sample holders, it is no longer 

55 necessary to use the aforementioned complicated 
pincher mechanism to delicately transport the ro- 
tors between a moving supply t>eit or other source 
of supply and the spectrometer, if that were posst- 
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ble. 

Furthermore, difficulty has been encountered 
with regard to the above-merrtioned modification of 
magnet chamber 113 to handle rotors, tnside mag- 
net chamber 113. the toothed or ratcheted edges 
of cap 147 are engaged by compressed air to 
rotate the sample in a tecfinique known in the art 
as "magic angle" spiruung. This rapid rotation, for 
proper testing, must occur at a particular angle with 
respect to the magnet chamber 113, This "magic 
angle" is 54,7' with respect to the direction of the 
magnetic field of magnet chamt)er 113. In order to 
place a rotor 151 in the proper position at the 
proper angle within magnet chamber 113 for test- 
ing, it has been found necessary to require the 
rotor, when dropped into magnet chamber 113, to 
follow a winding path to the location within the 
magnet chamljer wttere it will be tested. One ex- 
ample of such a path is shown in International 
Patent Application WO 8S/11646 published Novem- 
ber 30. 1989 for 'NMR-Spectrometer With Sample 
Exctianger" in tfie single figure thereof, which put>- 
llshed appncation is hereby incorporated by refer- 
ence herein. Typically, a blast of compressed air is 
used to insert the rotor into, and a separate blast of 
compressed air is used to eject the rotor from, that 
location. Particularly t)ecause of the winding path 
which the rotor must follow to arKl from the location 
within magnet chamber where it is to be tested, 
difficulty has been encou n tered In properly seating 
the rotor 147 at that location so that it can be 
tested. 

Accordingly, there is a need for a sample 
changer providing rapid, easy changing of samples 
of solid material to and from a device that tests 
such samples. The present invention fuffiils that 
need. 

Summary of the Invention 

Accordlngfy. it is tfie general purpose of the 
present invention to provide apparatus and method 
for repeated exchanging of similarly configured ol>- 
jects at a predetermined location. 

Other objects of the present invention are to 
provide apparatus and method for sequentially In- 
serting and removing solid samples to and from a 
material tester. 

Further objects of the present invention are to 
provide a sample changer for an NMR spectrom- 
eter which treats rotors for solid samples as if they 
are robust, not fragile, devices. 

A still further object of the present invention is 
to provide method and apparatus for conrecting any 
improper seating of a rotor for a solid sample 
within the magnet chamber of an NMR spectrom- 
eter. 

Briefly, these and other ot)|ects of the present 



invention are accomplished by an apparatus 
wherein a plurality of similariy configured objects 
are provided in a gravity-fed stack to a changer 
that inchjdes a container, a hoWer sfidably dis- 

5 posed in that container, and a nwver for transport- 
ing the hokJer between two positions within the 
container. The mover can be disposed within or 
outside of the container, and can be a two-wray 
pneumatk: valve, a driven rod having detents for 

70 defining the two positions, a motor, a solenoki or 
any other suitable devtoe. In one of the two posi- 
tions, the hokier is disposed under the stack of 
objects beis\Q fed to receive one of ttwjse objects. 
In the ottier position, the holder is positioned to 

fs gravity feed the object to a kcation where it is to 
be utiHzed. The hokier can be configured with a 
single k)cation. or with two parallel kxations. each 
of which can receive one ot)iecL For a single- 
kx:ation hokier, the second position is also utilized 

20 to permit ejection of the used object, by an appro- 
priate force, from the using kx^ation. For a two- 
kx:ation hokier. the first position is utilized for the 
purpose of ejection, so tfiat receipt of another one 
of the objects can lake place while or even before 

25 the fed object is so eiecled. 

AHematively. tt^ present invention can be ac- 
complistied by an apparatus wherein a plurality of 
similariy configured objects are provWed In a 
gravity-fed slkle or ramp to a rotatable drum or 

30 disk disposed in an open cytindrteal container. The 
cfrum is provkjed with an unfk)ored open niche or 
lndentatk>n configured to receive a single such 
object The drum is then rotated about its axis, 
such as via a central pivot such that tfie niche and 

35 the object received therein are transported by the 
drum from a first position at the foot of the sikle to 
a different kx:ation in the container that is provided 
wHh a drop tube. The drop tube angles downwardly 
and is connected to the side of a supply tube in a 

40 branching fashkxi. The supply tube empties at one 
end into the kx:ation or device utilizing those ot>- 
jects, such as a magnet chamber of an NMR 
spectrometer. The supply tube is connected at its 
other end to a container for the used objects. The 

45 objects fall from ttie niche of the drum in tfie 
secorid position, down the drop tube into the sup- 
ply tube, and thence into the using device. After 
use, the object is ejected from the using devk:e 
through ttie supply tube to the container at the 

so other end of the supply tut>e. A presence sensor 
such as a light sensor can be provkJed to detect 
when the fed object passes or is atx)ut to pass 
from tile supply tube into the using device. A pin or 
similar blocking device can be utilized to prevent 

55 ejection of the object until after its use or some 
other event occurs, such as a determination that 
the object cannot be property positioned in the 
using device. 
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The present invention is furthermore accom- 
plished by shifting such objects mechanically into 
and out of an air stream or other fluid stream. Such 
objects are furthermore accomplistied in the 
present invention by treating such objects as ro- 
bust as opposed to fragile devices, by collecting 
such objects by permitting one such object to 
impact another. 

Tfie present invention is furtiiermore accom- 
plished by providing a pin or similar blocking de- 
vice for blocking the path to be followed by the fed 
object after it has been provided to the locatkm or 
device utilizing such object Normally, the blocking 
devk:e would not be positioned to block ttiat patfu 
Sensing of improper seating of the fed object at 
such location or device can be utilized to cause 
such blocking devk:e to block that path. With the 
path so bk>cked, the fed object can then be ejected 
from the using location or device, caused to impact 
the blocking devtee, and then permitted to fell back 
into the location or device to attempt proper re- 
seating. After a predetenmlned numt)er of such 
attempts, indicating futility of further such attempts, 
the blocking device can be caused to withdraw to 
its normal position with the travel path left dear, so 
that the fed object can be ejected and any subse- 
quent such object can be inserted in substitutton 
therefore. 

Other ol>iect3, advantages and novel features 
of the invention will l>ecome apparent from the 
following detailed description of the invention when 
considered in conjunction with the acoompanying 
drawings. 

Brief Description of the Drawings 
In the drawings, 

RG. 1 shows a sectional view of one emixxli- 
ment of a sample changer according to the 
present invention and sfiown in one operating 
position; 

FIG. 2 is a sectional view of the apparatus of 
RG. 1 sfiown in a second position of operation; 
RG. 3 is a sectional view of a portion of the 
apparatus of RGs. 1 and 2 more clearly showing 
details thereof; 

RG. 4 is a top view of the portion of RG. 3; 
RG. 5A is a sectional view of another emfcKMfi- 
ment of a sample changer according to the 
present Invention sfiown In a first operating posi- 
tion during a first stage of operation; 
RG. 5B is a like sectional view of tfie apparatus 
of RG. 5A sfiown in a second operating position 
dunng a second stage of operation; 
RG. 5C is a like sectional view of the apparatus 
of FIG. 5A shown in the second operating posi- 
tion of RG. 5B but in a third stage of operation; 
RG. 5D is a like sectional view of the apparatus 



of FIG. 5A stiown in the first operating position 
but during a fourth stage of operation whk:h 
leads to the first stage of operation of RG. 5A; 
FIG. 6 is an orthogonal view of a third embodi- 

6 ment of a sample changer according to the 
present invention with certain portions hklden in 
tfiat view shown with broken lines; 
RG. 7 shows a skle elevafa'on of a portion of a 
prior art NMR spectrometer showing a sample 

10 changer according to the present invention in- 
stalled tfiereon; 

FIG. 8 shows a side elevation of a prior art 
material tiandling and testing apparatus; 
RG. 9 Illustrates a prior art liokler for material 
16 samples to be tested, for which the apparatus of 
FIGs. 1-7 and 11-12 is particularly well suited; 
RG. 10 is a iMttom end view of the prior art 
sample holder of FIG. 9; 

FIG. 11 illustrates a fourth embodiment of a 
20 sample changer according to ttie present inven- 
tion; and 

FIG. 12 is a ftowchait illustrating the sequence 
of operation of the sample cfianger of RG. 11. 

26 Description of the Prefenred Embodiments 

Refening now to the drawings, wherein like 
reference characters designate like or correspond- 
ing parts throughout the several views, there is 

30 shown in RG. 1 a sample changer 1 1 including a 
case 13 which is suitable for use with the NMR 
spectrometer described above in connection with 
FIGs. 8 and 9. Disposed within case 13 are holder 
15 slidat>iy disposed in tfie case, two-way pneu- 

3S matic drive 17 connected to and driving the holder, 
and spacing block 19 spacing the upper wall 21 of 
the case away from hokier 15 so ttiat the next 
lowest sample rotor 25 of sample rotors 23-33 can 
enter the case. However, inclusion of block 19 in 

40 the apparahis of RG. 1 Is not absolutely necessary: 
instead, upper wall 21 coukl be disposed just 
above and in sIkJable contact witii hokier 15. 

Sample changer 11 further includes feed tube 
35, eiect tube 37 and insertion tube 39, each 

46 engaging or otherwise connected to a correspond- 
ing opening 41, 43 or 45 of case 13. Holder 15 is 
slidat)ly disposed in interk>r chamber 47 of case 
13. and Is moved t>6tween a first position (shown in 
FIG. 1) and a second position (shown in RG. 2) by 

50 drive 17. Drive 17 is typically provkled with a 
piston 49, and is provided with two input ports 51 
and 53 for receipt of compressed air or other fluid, 
each for moving ttiat piston in one of the two 
directions sfiown in FIG. 2. For example, applica- 

55 tion of compressed air at port 53 would result in 
skleways movement of holder 15 ffx»m the first 
position of RG. 1 to tfie second position of RG. 2. 
Also, input of compressed air at port 51 would 
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move holder IS to the right as shown in RQs. 1 
and 2. for example, from the second position of 
FIG. 2 to the first position of RG. 1. Case 13 is 
provided with respective openings 55 and 57 for 
ports 51 and 53. A respective connector 59 and 61 
connects respective ports 51 and 53 to respective 
pneun^atic lines 63 and 65. Case 13. holder 15 and 
t>lock 19 can, for example, each be of aluminum. 
Tutses 35, 37 and 39 can. for example, each bQ of 
brass. 

Operation of the embodiment of RGs. 1 and 2 
will now be described. Rotors 23-33. each holding 
a sample of solid materia) to be tested, are inserted 
into and stacked in feed tube 35. If holder 15 is in 
the first position of FIG. 1. then the lowest rotor 23 
wilt enter compartment 67 of hoMer 15. Otherwise, 
the k)west rotor would enter block 19. but would t)e 
held above holder 15 by its edge 71 until drive 17 
moves the holder to the first position. After the 
lowest or bottom rotor 23 has entered compartment 
67 of holder 15. and when the spectrometer or 
other device is ready to receive a sample for 
testing, compressed air from line 65 closes drive 
17 to urge the hoWer leftwards to the second 
po^'on of RG. 2. In the position of RG. 2. rotor 23 
wouki simply drop via opening 45 and insertion 
tube 39 into magnet chamber 113. Preferably, 
compressed air from line 63 would dose drive 17 
to move hokjier 15 rightwards to the first position of 
RG. 1 so that ttte next rotor 25 can enter compart- 
ment 67. In order to avoid any problems with a 
rotor catching on the upper entrance to compart- 
ment 67 and ttiereby interfering with proper move- 
ment of hokier 15 and proper entry of the rotor 
therein, holder 15 is furthem^ore provided with be- 
veiled or sloped indentation 73. which is more 
clearly shown in RGs. 3 and 4, and slopes or 
Inclines into compartment 67. When the spectrom- 
eter has finished testing rotor 23. it ejects that rotor 
from magnet chamt)er 113 using a blast of com- 
pressed air. That blast of ejection air causes the 
tested rotor to pass through insertion tube 39. 
compartment 69 and eject tube 37. For this reason, 
eject tube 37 and insertkm tube 39 are aligned. 

The hoWer or slider 15 has two holes 67 and 
69 through it which are the same diameter as 
tubes 35, 37 and 39. In its rest or first position, 
these two holes are respectively positioned directly 
below the feed 29 and ejection 37 tubes. Feed tube 
35, as discussed above, is filled with rotors, 
stacked one on top of the other. Due to gravity, the 
bottom rotor 23 will fall into hole 67 and slider 15. 
In order to insert a rotor into magnet chamber 113. 
pneumatic pressure is applied to piston 49, causing 
the piston to push the slider away from it. This 
positions the rotor, which is in slider 15, over insert 
tube 39. Due to gravity, the rotor falls into the 
spectrometer. In order to eject the tested rotor. 
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pneumatic pressure is applied to the other side of 
piston 49. causing it to return slider 15 to its rest 
position. A second hole 69 in slider 15 permits the 
tested rotor, under pneumatic pressure from ttie 

5 spectrometer, to pass from insert tut)e 39 through 
hole 69 to eject tulje 37 and out of changer 11. At 
the same time, another rotor can fall from feed 
tuk>e 35 into slider 15. There are a number of 
possibilities for catching the ejected rotor. A simple 

10 basket of netting may be attached to eject tube 37. 
or a more elaborate stnicture may be devised to 
drop the tested rotor into a catch basin or collec- 
tion tube. 

A second embodiment of the present invention 
rs is shown in FIGs. 5A-5D in various positions and 
various stages of operation. This sample changer 
75 is primarily differentiated from sample changer 
11 of RGs. 1-4 in that it includes a hoMer or sfider 
77 having only one compartment or hole 79 for 
20 receiving rotors 23-27. Like sample changer 11. 
sample changer 75 includes a case 81 with an 
interior chamt)er 83. a spacing block 85. a feed 
tube 87, an ^ect tube 89 and an insertion tube 91. 
Although no drive such as drive 17 of FIGs. 1 and 
25 2 is shown in RGs. SA^D fbr simpTidty, it will be 
appreciated that some such drive is needed to 
move slider 77 between its first position of RGs. 
5A and 5D and its second position of RGs. 5B and 
5C. As with insertion tube 39 of RGs. 1 and 2. 
30 insertion tube 91 of RGs. 5A-5D is connected to. or 
is disposed at least partially within, a spectrometer 
or ottier testing device such as within magnet 
chamber 113 of an NMR spectrometer. 

Operation of the emtxxJiment of RGs. 5A-5D 
35 will now be described. In the foltowing description 
of operation, slider 77 is t>eing moved by a suitable 
mover or driver (not shown) controlled by a sulfate 
pair of input ports having feed lines connected 
thereto (also not shown). Operation is praf^rafcily 
40 initiated In the position of RG. SA. Again, a plurafity 
of rotors 23, 25. 27. etc. is inserted into feed tube 
87 in a stack witfi the bottom rotor 23 entering bore 
79 of slkter 77. Slider 77 is ttien moved leftwards 
into its second position of FIG. 5B. In the position 
45 of FIG. 56. gravity or other suitable force causes 
rotor 23 to drop through lnsertk)n tube 39 into the 
testing devk» fbr testing. As shown in RG. 5C. 
slider 77 remains in its second position during 
ejection of rotor 23 from magnet ctiamber 113 or 
so ottier testing device. As descril^ed atx)ve, after the 
NMR spectrometer has finished testing a rotor in 
magnet chamber 113. it ejects that rotor with a 
blast of compressed air. Tested rotor 23 when 
ejected ttiereby is impelled through insertion tube 
55 91. bore 79 and eject tube 89. Thereafter, as 
shown in RG. 5D, slider 77 is moved rightward into 
its first position so that the next rotor 25 can drop 
into bore 79. The cycle of RGs. 5A-5D is then 
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repeated, this time with rotor 25 being tested. 

Although a pneumafic drive is shown as drive 
17 in RGs. 1 and 2, it should be understood that 
any sort of drive can t>e utilized with the present 
invention. For example, drive 17 could be replaced 
with a piston or a rod having the appropriate de- 
tents to limit its movement between wtiat vrould 
correspond to the first and second positions of the 
slider 15 or 77. AKematively. a solenoid, a hydrau- 
lic actuator, a motor, or any other suitable moving 
or impelling device could be utilized to move slider 
15 or 77 t>etween its first or second positions. 
However, a pneumatic drive is preferred for this 
purpose, to take advantage of the compressed air 
used for insertion and ejection of rotors in magnet 
chaml>er 113. For example, for the embodiment of 
RGs. 1-4. the compressed air used for insertion of 
a rotor in magnet chamber 113 could also be 
provided to line 63, and the compressed air used 
for ejection of a rotor from the spectrometer could 
also be provided to line 65. In this way, positiontng 
and movement of slider 15 could be coordinated 
with operation of the NMR spectrometer, resulting 
in fully automatic operation. For example, a stack 
of rotors coukl be toaded Into feed tube 27. the 
NMR spectrometer coukl then be turned on. and 
the apparatus left to operate over the weekend with 
no human attendant required. 

A third embodiment of the present inventk>n is 
shown In FIG. 6. In this third embodiment, sample 
changer 93 includes a cylindrk»d or drum-shaped 
case 95 containing a disk 97 provided with txms 
99 and 101. Sample changer 93 further includes 
feed tube 103. eject tube 105. and insertion tube 
107. Disk 97 is pivotably rotated within cylinder 95 
between a first position as shown in FIG. 6 with 
bore 99 b^ng disposed betow feed tube 103. and 
a second position counterclockwise from the first 
position wher^n bore 99 is disposed in alignment 
vnth eject tube 105 and insertion tube 107. Such 
movement is accomplished by suital^le drive 
means (not shown). Ixit which can t>e controlled via 
an electric or other line 109. a pair of pneumatic 
lines (not shown), or other suitable means. Other- 
wise, operation of the embodiment of FIG. 6 Is 
similar to that of the emtxxliment of FIGs. 1-4. 

Alternatively, as shown in FIG. 11, the rotors 
can be provided in a gravity-fed walled 165 ramp 
163 to an open cylindrical container 155 provided 
witti a centrally pivoting rotatable dmm 157. The 
drum 157 is provided with an indentation 161 con- 
figured to receive only one of the rotors 187. 169. 
171, etc. at a time. Drum 157 is pivotably 159 
rotated within cylinder 155 between a first position 
as shown in FIG. 11 witti indentation 161 being 
disposed betow feed ramp 163, and a (preferably) 
substantially antipodal second position wtierein In- 
dentation 161 is disposed in alignment with Iteder 



tube 173. Such movement is accomplished tsy suit- 
able drive means (not shown), which can t>e coiv- 
trolled via an electric or other line, one or more 
pneumatic lines, or otiier suitable means (not 

6 shown). Such rotation of drum 157 from the first to 
the second positions and vice versa is preferably 
all in tite same direction. i.e. either all ckx^kwise or 
else all counterclockwise. The drum 157 is rotatat>- 
ly disposed in ttie open cylinder 155 about a cen- 
to tral pivot 159 to rotatably move the Indentation 161 
between a first position of the open cylinder 155 at 
the foot of the walled ramp 163 and a second 
position of the open cylinder 155. At the second 
position, the open cylinder 155 is provkied with a 

IS drop tube 173. At ttie second position, the received 
rotor drops from indentation 161 into the drop tube 
173 and thence Into a supply tut>e 175. Supply 
tube 175 communk^ates at one of its ends to grav- 
ity f^ the rotor to the magnet chamber 113 

20 where the rotor is to be tested. After the received 
rotor has been dropped at the second position into 
the drop tube 173. but before another such rotor 
can t>e received by the indentation 161. ttie drum 
157 is rotated from the second position back to the 

25 first positkMi. so that the indention 161 is again at 
the foot of the ramp 163. The used rotor is ejected, 
by an appropriate force, from ttie magnet chamber 
113 back into ttie supply tube 175 and thence via 
funnel or cone 183 to a container 185 or other 

30 locatton for disposed or used rotors. TYie sample 
tube 175 preferably has a lower end 187 connected 
to the magnet chamber 113 and an upper end 189 
connected to the disposal container 185. with a 
curved portion 191 therebetween. Drop tube 173 

ss preferably slopes downwardly and diagonally into 
the supply tube 175 at joint 193 betow that l>end 
191. so that unused rotors cannot be provided to 
tiie disposal container 185. and ejected used rotors 
cannot t>e returned to the drop tube 173 and the 

40 cylinder 155. A selective detent 179 such as a 
sliding pin controlled by actuator 177 can be pro- 
vkied to temporarily block off the supply tube 175 
betow the entry 193 of the drop tube 173. Detent 
179 thereby permits improperly sealed objects to 

4S be ejected against the detent and returned to the 
magnet chamber 113 for reseating. Detent 179 can 
also be used, rf desired, to prevent ejection of a 
rotor from magnet chamber 113 until after it tias 
been tested. Pin 179 is wittidrawn from tube 175 to 

50 permit ejection from magnet chamber 1 13 of tested 
rotors, and to permit ejection of unused rotors 
which cannot t>e propedy seated after a predeter- 
mined numtjer (preferably two) of attempts. At or 
near the magnet chamber 113, the supply tube 175 

55 can be provkfed with a presence or proximity sen- 
sor 195 such as a light sensor for detecting pas- 
sage of each such object Sensor 195 is used to 
control operation of the magnet chamtter 113 and 
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its pneumatics, as well as to control operation of 
the drum 157 and the pin 179. Actuator 177 is 
controlled by controller 199, which receives inputs 
from sensor 195 and from magnet chamber 113 
motor control 197. The preferred sequence of op- 
eration of sample changer 153 is shown in FIG. 12. 

A fourth embodiment of the present invention 
is shown in FIG. 11. In this fourth embodiment, 
sample changer 153 includes a cylindrical or drum- 
shaped case or container 155 containing a solid or 
hollow disk or cylinder 157 rotatably disposed 
therein about a central pivot 159. Pivot 159 can, for 
example, be an axial pivot. Cylinder 157 is pro- 
vided with an open niche or indentation 161. Niche 
161 is sized and configured to receive one rotor 
151, but no more than one such rotor, at a time. 
Niche 161 is unfloored. Rotors 167, 169, 171 are 
provided to case 155 via an inclined slide or ramp 
163 having its lower end opening into case 155. 
Alternatively, rotors 167. 169, 171 can be sequen- 
tially provided to niche 181 via a vertical stack 
such as is shown in FIGs. 1, 2, 5A-5D. 6 and 7. 
Slide 163 is preferably provided with side walls 
165, to prevent rotors 167, 169, 171 from falling off. 
The rotors 167, 169. 171 shown in FIG. 11 are 
urged down slide 163 towards niche 161 under 
spring tension from the side. Alternatively, gravity 
and the weight of the upper rotor(s) (not shown) 
could be used for this purpose. Cylinder 157 trans- 
fers each such rotor in tum from a first position at 
the foot of slide 163, to feeder tube 173 disposed 
in the bottom of case 155 at a second position 
preferably disposed ISO* from the first position. 
Cylinder 157 need not be the same height as 
rotors 167. 169, 171. etc. 

Rotors 167. 169, 171 to be tested are lined up 
in slide or holder 163 which delivers them one at a 
time to cylinder 157, which corresponds to a sim- 
ple gear. Niche 161 of cylinder 157 accepts one 
such rotor at a time and makes a complete revolu- 
tion at a signal from magnet chamber 113. Halfway 
through that revolution, the received rotor is deliv- 
ered to the sample insert tube 173 via a hole in the 
case or gear housing 155. Feeder tube 173 Is 
connected to the insert tube 175. Insert air for the 
magnet chamber 113 is turned on during this op- 
eration to seat the rotor correctly in the magnet 
chamber. 

The rotor falls into magnet chamber 113 under 
gravity, and pneumatic pressure is used to insert 
and eject each rotor. As the rotor falls down insert 
tube 175 to magnet chamber 113, the rotor inter- 
rupts a light beam at sensor 195 while traveling 
through the sample insert tube 175. The signal 
resulting from this interruption of the light beam is 
used to indicate that rotor will soon be, or is. In the 
magnet chamber 113. If the inserted rotor becomes 
correctly seated in magnet chamber 113. the NMR 



spectrometer then spins and tests the sample in 
the rotor. If the rotor is not properly seated in the 
magnet chamber (i.e. it refuses to spin as de- 
scribed above), then an actuator 177 inserts a thin 

5 plastic rod or other movable detent 179 across 
sample insert tube 175. Actuator 177 can for exam- 
ple be a servo mechanism or a coil with magnet 
device. When the spin control unit of the NMR 
spectrometer tries to spin an inserted rotor in mag- 

10 net chamber 1 13. it optically looks at the bottom of 
the rotor for a locator or presence dot 146, shown 
in FIG. 10. If that dot 146 is not seen, then actuator 
177 is actuated by motor control 197 to insert pin 
179 into Insert tube 175. The rotor is then ejected 

75 by compressed air from magnet chamber 113 until 
it again interrupts the light path for sensor 195. 
Upon such interruption, the ejection air is turned off 
and the insert air is turned on in an attempt to seat 
the rotor. 

20 Sequence of operation of sample changer 113 

of FIG. 11 is illustrated in FIG. 12. In step 201, 
drum 157 is rotated to insert a sample into magnet 
chamber 113. Insertion can be sensed by sensor 
195. In step 203, motor control 197 attempts to 

26 spin the inserted rotor. At step 205, if the rotor 
does spin properly, then operation proceeds to 
step 207 where the inserted rotor is tested. If the 
rotor does not spin properly, however, then control- 
ler 199 sets actuator 177 to extend detent 179 Into 

30 tube 175 above sensor 195. Controller 199 then 
causes motor control 197 to eject the rotor from 
magnet chamber 113 against detent 179, and to 
reinsert the rotor into the magnet chamber (step 
213). Such ejection and reinsertion can be sensed 

35 by sensor 195. Another attempt is then made by 
motor control 197 to spin the rotor. Proper spinning 
of the rotor can be detected as described above. If 
the rotor still does not spin properly, then steps 
211, 213 and 215 can be repeated for a fixed 

40 number of times, preferably once (step 217). If, 
after such repeated attempt(s), the rotor still does 
not spin properly, then motor control 197 via con- 
troller 199 causes actuator 177 to retract detent 
179 (step 221), and the rotor is then ejected (step 

45 223) into container 185 via bend 191 and funnel 
183. Otherwise, the rotor is tested (step 207). 
When motor control 197 causes the rotor to stop 
spinning after testing of that rotor has been com- 
pleted (step 219), thereafter the rotor is ejected 

50 (step 223) via tube bend 191 and funnel 183 into 
container 185 (step 223). Ejection of the rotor can 
be sensed by sensor 195. Operation then resumes 
with step 201 , where a new sample is inserted into 
magnet chamber 113 via tubes 173 and 175. This 

55 sequence of operation is continued until all rotors 
then to be tested have been tested or discarded as 
unusable. Ordinarily, motor control 197 will have 
been programmed to test only a fixed number of 
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rotofs. corresponding to the number of rotors that 
have been inserted into ramp 163. Light sensor 195 
can be used to verify some of ttiese stages of 
operation. 

After testing of the seated rotor is completed, s 
or after a predetermined number of attempts fail to 
property seat the rotor in magnet chamber 1 13 and 
actuator 177 withdraws pin 179 from blocking insert 
tube 175. the inserted rotor is then ejected from 
magnet chamber 113 into the insert tube. The "Y" io 
or twanching tubing arrangement that is formed at 
loint 193 by feeder tube 173 and insert tube 175 
combines the insert and elect functions. A rapidly 
moving rotor ejected upwards should follow the 
straight path of insert tube 175 and should not try is 
to move back up the feeder tube 173. The ejected 
rotor is impelled, by the ejection air from magnet 
ch»nber 113, up sample insert tibe 175. through 
its curve 191. and down to enter covered cone or 
funnel 183. Cone 183 is preferably of soft plastic ao 
such as polypropylene, and is provided at Hs top 
cover wHh exhaust hole 181. The height and bend 
191 of insert tuba 175 stows down the ejected 
rotor, which then falls softly out of the bottom of 
funnel 183 and into a removable tube 185 which 2S 
coflects the used rotors one on top of another. 
Exhaust hole 181 permits release of air displaced 
in funnel 183 and tube 185 by the falling rotor. 
ARemalivefy, a bag (not shown) can be used at the 
bottom of funnel or cone 183 ^ 6eu of tube 185. so 
The feeding and ejection process can then be 
repeated with another rotor. In ttus manner, a set of 
rotors can be deOvered to magnet cfiamber 113 
one at a time, with provision for seating each such 
rotor correctly in the stator of the magnet chamber. 35 
and for collecting the ejected rotors after the com- 
pletion of testing. When coupled wHh an automatic 
*'magic angle" spinner controller such as motor 
control 197. sampler changer 153 provides com- 
pletely automatic operation, and altows for a com- '40 
pletely automated series of experiments or tests to 
be performed on a set of solkl samples. 

Funnel 183 can for example t)e of poly- 
propylene. Funnel 183 preferably is made In one 
piece by bkiw^moMing. in a manner similar to that 45 
used for making plastic mHk botUes. However, al- 
ternatively, funnel 183 can be made of two pieces, 
an open uncovered funnel and an open cylindrical 
cover or cap provided with exhaust hole 181, whk^h 
are then pressure-fitted or glued together. Actuator so 
177 can for example t>e a servo motor. Actuator 
177 can aHematively be a two-way pneumatic drive 
such as drive 17 of FIGs. 1 and 2. Sensor 195 is 
preferably k)catBd beneath selective detent 179 so 
that when a poorty or improperiy sealed rotor Is ss 
ejected for reseating, presence of that rotor, as well 
as presence of any ejected used or rejected rotors, 
is theret>y detected. Cylinder 157 can alternatively 




be provided with more than one niche or indenta- 
tion, and Hs rotation wouW then preferably be in 
segments of less than 180* with a new rotor being 
provWed thereto while a previously inserted rotor 
had not yet been ejected. Cylinder 157 can for 
example be a gear or a carousel 

As shown in RG, 7. sample changer 11 (or for 
that matter, sample changer 75. sample changer 93 
or sample changer 153) is disposed atop cylinder 
115 whfeh in turn is atop magnet chamber 113. 
Insertion tube 39 (or insertion tube 91, or insertion 
tube 107) is inserted into magnet chamber 113 via 
cylinder 115. Pneumatic lines 63 and 65 for control 
of drive 17 (or the corresponding drives of sample 
changer 75 or sample changer 93) are connected 
to magnet chamber 113 for provision of com- 
pressed air therefrom as described above, prefer- 
ably. 

Some of the nr«ny advantages of the present 
invention shouW now be readily apparent For ex- 
ample, novel apparatus and metfwd have been 
provktod for repeated exchanging of similariy con- 
figured objects at a predetermined kx:ation. This 
apparatus and mettiod can be used for sequentially 
inserting and removing solid samples to and from a 
6&nce for testing such samples. !n partteular. a 
sample changer has been shown vriiich can be 
used with an NMR spectrometer or other testing 
devtee whfch treats rotors or other hokJers for soGd 
samples as if they were robust, not fragile devices. 
Utilizing the apparatus and method of the present 
invention, it is possible to provkto automatk: feed 
and Qjeclion of samples to and from a testing 
devtee. thereby permitting unattended automatic 
operation of that testing devk» for extended 
periods of time. The apparatus and method of the 
present invention provkles rapid, easy, automatic 
changing of samples to and from a devk^ that 
tests such samples. 

Obviously, many modifications and variations 
of the present invention are possible in light of the 
above teachings. It Is, therefore, to be understood 
that the foregoing embodiments are presented by 
way of example only and ttiat, wHfiin the scope of 
tfie appended claims and equivalents thereto, the 
invention may be practiced otherwise than as spe- 
dficaily described. 

Claims 

1. An automatic NMR spectrometer having spec- 
trometer means (113) for generating an NMR 
spectrum from a sample in each of a pluraTity 
of rotors (167. 169. 171). at least one rotor 
magazine (165) for hoMing the rotors, a chute 
(173) for deHvering sample rotors to the spec- 
trometer means (113). and a rotor Section 
apparatus (175. 191) for ejecting rotors from 



8 



15 



EP 0 516 111 A1 



16 



the spectrometer means (113) after an NMR 
spectrum has been obtained. CHARACTER- 
IZED IN THAT the spectrometer Is provided 
with apparatus for sequentially feeding the ro- 
tors one at a time from the rotor magazine 5 
(1 65) to the chute (1 73), the feeding apparatus 
having a rotating transfer member (157) pro- 
vided with means (109) for repetitively oscillat- 
ing the transfer member (157) between the 
rotor magazine (165) and the chute (173) so io 
that a single rotor (167) is removed from the 
rotor magazine (165) and dropped into the 
chute (173) during each oscillation. 

2. An automatic NMR spectrometer according to is 
Claim 1 CHARACTERIZED IN THAT the rotor 
ejection apparatus (175, 191) comprises a 
spent rotor receptacle (1 83) for receiving rotors 
ejected from the spectrometer means (113), a 
branched feed tube (173. 175, 187) having a 20 
base leg (187) connected to the spectrometer 
means (113). a first branch leg (173) con- 
nected to the rotor magazine (157) and to the 
base leg (187). and a second branch leg (175) 
connected to the spent rotor receptacle (183) 25 
and to the base leg (187). 

3. An automatic NMR spectrometer according to 
Claim 2 CHARACTERIZED IN THAT the sec- 
ond branch leg (175) includes means (191) for 30 
reducing an ejection velocity of an ejected 
rotor so that the ejected rotor is not damaged 
when it reaches the spent rotor receptacle 
(183). 

35 

4. An automatic NMR spectrometer according to 
Claim 2 CHARACTERIZED IN THAT the spent 
rotor receptacle (183) comprises a funnel (183) 
having a wider end connected to the second 
branch leg (175) and a narrower end con- 40 
nected to a container (185). 



spectrometer to generate an NMR spectrum 
from a sample in each of a plurality of rotors, 
comprising the steps of holding the rotors in at 
least one rotor magazine (201). delivering sam- 
ple rotors through a chute (203) to a spectrom- 
eter means, checking to determine if a rotor 
delivered to the spectrometer means has prop- 
erly seated (205). obtaining an NMR spectrum 
using a properly seated rotor (207, 219) and 
ejecting spent rotors from the spectrometer 
means (223) after an NMR spectrum has been 
obtained CHARACTERIZED IN THAT if a rotor 
does not seat properly in the spectrometer 
means, the step of checking rotors to deter- 
mine that they are properly seated (205) in- 
cludes the steps of: 

(a) temporarily blocking the chute (209), 

(b) ejecting the rotor from the spectrometer 
means into the blocked chute (211), 

(c) redelivering the ejected object into the 
spectrometer means (213), and 

(d) rechecking to determine whether the ro- 
tor is properly seated (215). 

7. A method for operating an automatic NMR 
spectrometer according to Claim 6 CHARAC- 
TERIZED IN THAT, if in step (d) it is deter- 
mined that the rotor is not properly seated, 
then steps (a), (b) and (c) are repeated a 
predetermined number of times (21 7). 

8. A method for operating an automatic NMR 
spectrometer according to Claim 7 CHARAC- 
TERIZED IN THAT if after steps (a), (b) and (c) 
have been repeated the predetermined number 
of times (217). the rotor cannot be properly 
seated (215). then the chute is unblocked (221) 
and the rotor is ejected (223). 



5. An automatic NMR spectrometer according to 
Claim 2 CHARACTERIZED IN THAT the base 
leg (187) and at least part of the second 45 
branch leg (175) are colltnear and the first 
branch leg (173) forms an acute angle with the 
second branch leg so that a rotor passing 
through the first branch leg (173) passes into 
the base leg (187) and a rotor travelling in the so 
base leg (187) from the spectrometer means 
(113) towards the second branch leg (175) 
bypasses the connection (193) of the first 
branch leg (173) and the second branch leg 
(175) and passes into the second branch leg 55 
(175). 



6. A method for operating an automatic NMR 



9 



EP 0 616 111 A1 



37- 



43' 



J 



6$ 



23 



\ 
\ 
\ 
\ 
\ 

\ 
\ 




10 



EP 0 616 111 A1 




^0 



FIG, 2 



11 



EP 0 516 111 A1 






FIG, 5 A 




St 




FIG, 5C 




FIG. 5I> 



12 



EP0 516 111 A1 






14 



EP 0 516 111 A1 





15 



EP 0 516 111 A1 




16 



EP 0 516 111 A1 



MEXT 

SAHne 



I asm sAtins 

(KOrATB Dm) , 



■201 



I 



m TO 

SFIM 



'203 




S£T 
ACTUATOft 



'209 



nRF02M 

MSAsm/fm 






ot 

STOP 


mi/T 

'£2: 
S2/2 



L 



211 





fJSOT 








FIG. 12 



17 



European Patent 
Oflkc 



EUROPEAN SEARCH REPORT 



EP 92 10 9002 



DOCUME^^^s considered to be relevant 



cucffonr 



CLASSinCATION OF THB 
AfHJCAHON gtt. CL5 ) 



D.A 



IIS-A-4 581 583 (R.D. WW VLIET, J.F. QDROON) 

* coluwi 1. llRtt 1 - colum 6. line 43 * 

* colum 7. line 64 - colum 9, line 14 * 

* figures 1-4,10-13 • 

WO-A-8 911 646 (BRUKER ANALYTISCHE MESSTECHNIK 
GMBH) 

* page 2, line 18 - page 8, line 21; figures • 

EP-A-0 308 654 (SPECTROSPIN Afi) 

* colum 1, line 1 - line 22 * 

* colum 2, line 15 - colum 10. line 37 • 

* figures • 



1,2.4. 
6-8 



1.2 



G01R33/3a 
G01N35/D4 



1.2 



TECHNICAL FIELDS 
SABOIED Oitf. CL5 ) 



Tbe present sewcfa nport tee ben *vwB up for aU 



GOIR 
GQIN 



THE HAam 



31 AUGUST 1992 



W, VOLMER 



CATEGORY OF CITED DO<^JMENTS 



X : pvdailarly rolflvut if tikm aloM 
Y : p»ilcBtartj rd«wirt If c— 

ioaaMet of dM saiM c 
A : MchaoUvf cal bi£fc|^oaBi 

O: 
F: 



T:tb«onr€rprdidplc gntaMng ttic lawBltoe 
E : «uU« psint tecBBOTt. tat pnMUbci oe. M 

iftv tlM fiUat 
D : iocBBMit cM tB thi appliratlaa 
L : taoMDt dtad for olte rmaoi 



ofthts 



